Introduction
There are numerous guideline values for the level of exposure to fluoride that maximises health benefits (tooth decay prevention) and minimises adverse effects (dental fluorosis). 2, 3, 4 In Australia, 64% of children experience tooth decay (dental caries) which causes concerns from mild discomfort through to debilitating pain as well as reduced capacity to chew, talk and smile. In comparison, approximately 22% of children experience some form of dental fluorosis. 9, 17 Dental fluorosis is mottling of teeth which may result from excessive fluoride being ingested while teeth are developing and may be of aesthetic concern. The NHMRC dietary guidelines for Australia and New Zealand, recommend fluoride adequate intake (AI)
for infants which ranges from 0.01mg/day (birth to 6 months) to 0.5 mg/day (7 to 12 months).
The upper limit (UL) is 0.7mg/day and 0.9mg/day, respectively. 3 Other authors have also
reported guidance values 0.05 -0.07 mg F/kg body weight/day and UL's of up 0.10 mg F/kg body weight/day. 1, 4, 5 In recent years it has become widely accepted that little pre eruptive benefit to tooth enamel is achieved through the ingestion of fluoride, as the majority of benefit occurs from frequent exposure of the tooth enamel to fluorides post eruption. 6 Therefore, benefit from fluoride will not begin until the first teeth erupt, at about 6 months of age at which time fluoride intake may come from an increasing variety of sources with the introduction of solid foods. Risk from excess fluoride ingestion in the first twelve months has been shown to have an association with deciduous teeth but not with permanent teeth as the critical period in which permanent teeth are most vulnerable does not begin until 15-21 months of age. 7, 8 This is supported by recent studies which show that reconstitution of infant formula with fluoridated water at 1mg/L has little impact on fluorosis levels of permanent teeth, compared to other sources of fluoride ingestion, such as toothpaste ingestion and fluoride supplement use. 9, 10 Despite lack of agreement on guideline values and varying units of measurement, fluoride intake from infant formula has been frequently identified as a potential source of excess fluoride for infants depending on production processes and fluoride concentration of water used for reconstitution. 4, 7, 11 In 1996, Silva and Reynolds investigated fluoride concentrations in infant formula in Australia and found that, when water fluoridated at 1mg/L was used to reconstitute their formula samples, all exceeded their suggested UL of fluoride intake. In 1999, the NHMRC made a recommendation to develop a strategy to reduce excessive intake of fluoride from infant formula in Australia. 6 The Australia New Zealand Food Standards Code was amended to include mandatory dental fluorosis risk labelling of powdered or concentrated infant formula if it contains more than 17μg F/100 kilojoules (kJ) prior to reconstitution. 12 Since that time there has been no reported investigation of the levels of fluoride in powdered or concentrated infant formula products commercially available in Australia. This study sought to redress this deficit.
Methods
One tin of every infant formula that was present on the shelves of two different major Fluoride in the infant formula powders was determined using a modification of the microdiffusion method of Silva and Reynolds utilising perchloric acid and silver sulphate. Square polystyrene Petri dishes with unvented lids to prevent loss of liberated hydrofluoric acid (100mm x 100mm x 18mm) were used throughout this work and were pre-cleaned by soaking in 5% perchloric acid overnight, rinsed with deionised water and oven dried prior to use.
Analytical Reagent (AR) grade perchloric acid and silver sulphate may contain low levels of fluoride as an impurity and must be processed to reduce the fluoride contamination to acceptable levels. This was achieved by 0.3g finely ground silver sulphate and 14mL of 48% perchloric acid (prepared by diluting concentrated 70% perchloric acid) was placed in a Petri dish and mixed with a stirring rod. The lid was placed slightly ajar on top of the Petri dish (to allow contaminant HF vapours to escape) and placed in an air oven at 50 C overnight. After the heating process in the air oven overnight, the perchloric acid and silver sulphate was ready to use.
At least 12 x 12 drops of 0.5M sodium hydroxide solution were pipetted to the inside of the Petri dish lids using an 8 channel Finn-pipette, ensuring that the 144 drops were evenly spaced.
The Finn-pipette was set so the volume of each drop was approximately 3.5 L resulting in a final volume of 0.5M sodium hydroxide spotted onto the lid of approximately 0.5mL. The lids were placed, with drops facing upwards, into a clean air oven for at least 2 hours to allow the moisture in the sodium hydroxide solution to evaporate.
A weight of 0.35g of infant formula powder was transferred to the prepared (decontaminated) perchloric acid/silver sulphate mixture and covered with the spotted lid as quickly as possible.
The mixture was evenly dispersed by swirling and then placed in a clean air oven at 50 C for The recommended volume of formula an infant consumes per day varies with age and weight. 13 Table 1 shows that average fluoride intake per kilogram body weight per day from infant formula varies considerably by age; 0.009mg F/kd/day at age 0-2 months down to 0.006mg F/kg/day at 6-12 months for milk-based products. The average contribution to daily fluoride intake from infant formula in milligrams of fluoride by average weight for age varied from 0.04 to 1.04 mg F/day for milk-based formula and 0.11 to 1.12 mg F/day for soy-based formula ( Table 2 ). At levels of 0.7 mg/L of fluoride in water, estimates of intake identified in this study suggested intake exceeds guidance values but not UL values for all age groups.
At water fluoride levels of 1 mg/L, estimates exceeded both guidance values and the UL values for all age groups.
Discussion
Fluoride concentration in infant formula powder appears to meet Australian guidelines based on the samples used in this study; however infant formula products presented may not be This study aimed to estimate the amount of fluoride infants consumed from formula between birth and 12 months. This estimate is limited by the fact that National guidelines recommend breastfeeding exclusively from birth up to 6 months and that infants begin on solid food from 6 months of age with large variations in uptake. 3 Since no infant formula usage rates are available for Australia, only an estimate can be made from Australian breastfeeding data (exclusive and supplemented). 14 This would suggest that about 13% of infants at birth and up to 52% of infants at age 6 months are formula fed. However, given that the introduction of solids and drinking from cup also occurs around 6 months, 52% is likely to be an overestimate at 6 months of age and too much uncertainty exists to estimate formula use at 12 months of age.
While this research presents a more accurate picture of potential fluoride intake through infant formula consumption, it does not provide information on all sources of fluoride intake for these age groups. These findings are similar to overseas studies where the average intake for infants when formula is reconstituted with water at 1 mg/L fluoride have been estimated between 0.11 and 0.17mg F/kg/day, with the highest intakes being recorded at 2 weeks of age. 11, 15, 16 Since studies have shown no evidence of benefit from fluoride until teeth erupt at about 6 months of age and evidence of mild fluorosis risk to baby teeth during this time has also been published, this study supports previous recommendations that water with 1mg/L or more of fluoride not be used to reconstitute powdered infant formula, if a parent is concerned about a risk of their child experiencing mild fluorosis in baby teeth. 7 While this study identifies that fluoride intake guidelines may be exceeded in some circumstances, there is insufficient evidence to confirm that the adequate and upper level intake values accurately depict the point at which the benefit of water fluoridation (protection from tooth decay) is outweighed by the risk (dental fluorosis) for children once the teeth begin to erupt. Further research and in-depth analysis of all variables contributing to risk and benefit, for varying infant ages, would be required to more accurately predict AI and UL values.
With this in mind, it is hoped that these findings allow community members and health professionals to more accurately calculate the potential intake of fluoride from infant formula, and encourage further research to establish a stronger evidence base for guideline values. 
